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ABSTRACT
AIM: The aim of this paper is to evaluate the expression of Galectin-3 in benign and malignant thyroid nod-
ules and to assess its diagnostic value.
MATERIALS AND METHODS: Immunohistochemical analysis of Galectin-3 expression was performed 
on 64 surgically removed thyroid nodules, including 38 carcinomas (13 papillary, 2 tall cell variants, 4 
lymph node metastases from papillary carcinoma, 6 follicular variants of papillary carcinoma (FVPTC), 4 
anaplastic, 5 follicular and 4 Hürthle cell carcinomas), as well as 26 benign lesions (10 follicular adenomas, 
5 Hürthle cell adenomas, 11 nodular goiters with surrounding normal thyroid tissue).
RESULTS: We found strong and diffuse Galectin-3 expression in all malignant lesions except for one case 
of FVPTC and one follicular carcinoma. Normal thyrocytes and the majority of the benign lesions were neg-
ative for Galectin-3. This molecular marker was expressed in the cytoplasm as well as in the nuclei of fol-
licular cells. A statistical analysis determined the sensitivity (94.7%), specificity (69.2%), PPV (81.8%), NPV 
(90%), and accuracy (83%) of Galectin-3.
CONCLUSION: Our findings suggest that the immunohistochemical expression of Galectin-3 might con-
tribute to a differential diagnosis between malignant and benign thyroid nodules, including those with fol-
licular architecture.
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INTRODUCTION
Galectin-3 is a beta-galactoside binding poly-
peptide belonging to the lectin family and is nor-
mally present in human macrophages, neutrophils, 
Langerhans cells, and mast cells (1,2). As a carbohy-
drate-binding molecule, Galectin-3 has high affinity 
to a large number of ligands -  carcinoembryonic an-
tigen (CEA), immunoglobulin E, laminin, and oth-
er mucins. Galectin-3 is involved in several biologi-
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cal and pathological processes including cell-cell and 
cell-matrix interaction, cell growth, neoplastic trans-
formation, and apoptosis (3,4).
In 1998, Fabio Orlandi was the first to investi-
gate the thyroid expression of Galectin-3 in pre-sur-
gical specimens obtained by fine needle aspiration 
biopsy (5). His study revealed selective expression 
of this protein in malignant tumors and no immu-
noreactivity in benign lesions as well as normal thy-
roid tissue (5). In recent years, many papers have pro-
posed that Galectin-3 expression in the cytoplasm 
and nuclei of thyroid follicular cells could be consid-
ered a molecular marker of malignancy (6,7). Galec-
tin-3 regulates the cell cycle by inhibiting apoptosis 
and stimulating cell proliferation (8,9). By inhibition 
of apoptosis, Galectin-3 ensures the survival of tu-
mor cells. As an adhesion molecule, detected on the 
cell surface and in the extracellular matrix, it facili-
tates the formation of intravascular tumor microem-
boli and thus promotes tumor progression and me-
tastasis (10). 
The aim of this study was to investigate the im-
munohistochemical expression of Galectin-3 in be-
nign and malignant thyroid nodules, and to assess its 
diagnostic value in determining the benign or malig-
nant nature of various lesions, especially in lesions of 
follicular origin. 
MATERIALS AND METHODS
Immunohistochemical analysis was performed 
on 64 formalin-fixed paraffin-embedded thyroid tis-
sues from surgically resected thyroid nodules, in-
cluding 38 carcinomas (13 classic papillary carci-
nomas, 2 tall cellvariants, 4 lymph node metasta-
ses from papillary carcinoma, 6 follicular variants of 
papillary carcinoma, 4 anaplastic carcinomas, 5 fol-
licular carcinomas, 4 Hürthle cell carcinomas), as 
well as 26 benign lesions (10 follicular adenomas, 5 
Hürthle cell adenomas, 11 nodular goiters in connec-
tion with surrounding normal thyroid tissue).
Four-μm-thick sections were prepared on ad-
hesive slides coated withpoly-L-lysine. After depar-
affinization and rehydration, the specimens were in-
cubated with hydrogen peroxide in order to reduce 
nonspecific background staining due to endoge-
nous peroxidase. Heat-induced antigen retrieval was 
achieved in a hot water bath at 97ºC for 20 minutes in 
citrate buffer. The next step was incubation with pri-
mary antibody (against Galectin-3 dilution 1:50, Lab 
Vision). After rinsing four times in buffer, the slides 
were treated with detection complex, comprised of 
HRP Polymer, DAB Plus Substrate and Chromo-
gen (Lab Vision). A present enzyme reaction, proved 
by chromogen staining, marked the antigen immu-
nopositivity. The whole procedure was performed in 
a closed system -Autostainer Lab Vision 360, follow-
ing step by step a computer protocol. Counterstain-
ing was made with hematoxylin. Negative controls 
were obtained by omitting the primary antibody.
Galectin-3 was considered immunopositive if it 
showed cytoplasmic or cytoplasmic and nuclear ex-
pression. Isolated nuclear expression was categorized 
as negative. The immunostaining was evaluated us-
ing the following semiquantitative scale:
 (-) no reactivity or some epithelial cells (<10%) 
with weak positivity.
 (+) focal reactivity, with weak immunostaining 
in 10 to 30% of the neoplastic cells.
 (++) moderate reactivity, 30 to 60% of the 
neoplastic cells show immunostaining.
 (+++) diffuse and strongly expressed positivity 
in more than 60% of the neoplastic cells.
Statistical Analysis
Histological diagnosis was considered the gold 
standard. Sensitivity of the assessed molecular mark-
er was calculated on the basis of thyroid cancer de-
tection using the formula [true positive/(true positive 
+ false negative)]. Specificity was defined on the basis 
of benign lesions detection [true negative/(true nega-
tive + false positive)]. Positive and negative predictive 
values were calculated as [true positive/(true positive 
+ false positive)] and [true negative/(true negative + 
false negative)], respectively. For diagnostic accuracy 
we used the following formula [(true positive + true 
negative)/(true positive + false positive + true nega-
tive+ false negative)].
RESULTS
The expression of Galectin-3 was moderate (++) 
to strong and diffuse (+++) in all malignant lesions 
with the exception of two cases of follicular variant of 
papillary carcinoma (FVPTC) and one follicular car-
cinoma (Table 1). The expression of this marker was 
in the cytoplasm as well as in the nuclei of follicular 
cells (Figures 1,2,3,4).
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Immunohistochemical analysis provided ex-
cellent visualization of capsular and vascular inva-
sion (Figure 5), which was not so clear on routine his-
tology with hematoxylin. Lymph node metastases of 
papillary carcinoma, as well as primary tumors with 
unfavorable prognosis (tall cell variant, Hürthle cell 
carcinoma and anaplastic carcinoma) were 100% 
positive for Galectin-3 (Figure 6).
Normal thyroid tissue surrounding hyperplas-
tic benign nodules did not express Galectin-3. The 
majority of the benign lesions (follicular adenomas, 
Hürthle cell adenomas and nodular goiter) were neg-
ative for the examined molecular marker (Figure 7). 
The exceptions showed only focal and weak staining 
(+) for Galectin-3 (Figure 8), predominantly in areas 
of cystic degeneration and chronic inflammation. In 












Papillary Ca 13 13/13 (100%) 0 5 8
Lymph node metastasis of 
papillary carcinoma
4 4/4 (100%) 0 1 3
Follicular variant of papillary 
carcinoma
6 4/6 (67%) 0 2 2
Tall cell variant 2 2/2 (100%) 0 1 1
Follicular carcinoma 5 4/5 (80%) 0 1 3
Hürthle cell carcinoma 4 4/4 (100%) 0 2 2
Anaplastic carcinoma 4 4/4 (100%) 3 1
Follicular adenoma 10 2/10 (20%) 2 0 0
Hürthle cell adenoma 5 3/5 (60%) 3 0 0
Nodular goiter 11 3/11 (27%) 3 0 0
Normal thyroid tissue sur-
rounding nodular goiter
11 0/11 (0%) 0 0 0
Table 1. Results of immunohistochemical expression of Galectin-3 in each of the histological categories
Figure 1. Papillary carcinoma, immunopositive for 
Galectin-3
Figure 2. Papillary carcinoma, immunopositive for Galec-
tin-3 – cytoplasmic and nuclear expression
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Figure 3. Follicular carcinoma, immunopositive for 
Galectin-3
Figure 4. “Tall cell” variant of papillary carcinoma - Ga-
lectin-3 expression
Figure 5. Capsular invasion of “tall cell” variant of papil-
lary carcinoma with Galectin-3 immunohistochemistry
Figure 6. Anaplastic carcinoma, immunopositive for 
Galectin-3
Figure 7. Follicular adenoma, immunonegative for 
Galectin-3
Figure 8. Nodular goiter with focal (+) staining gor Galec-
tin-3 in areas of chronic inflammation
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istered in the place corresponding to preceding fine 
needle aspiration biopsy. 
Statistical analysis of the diagnostic value of 
Galectin-3, used as a single marker for differentiation 
of malignant versus benign nodules, revealed sensi-
tivity 94.7%, specificity 69.2%, PPV 81.8%, NPV 90% 
and diagnostic accuracy 83%.
DISCUSSION
Thyroid cancer is the most common endocrine 
malignancy, and more than 95% of thyroid carcino-
mas originate from follicular epithelial cells (11). Pap-
illary thyroid carcinoma (PTC) is the most common 
of the well-differentiated carcinomas, comprising 
80-85% of thyroid cancers (12). In its classical vari-
ant it presents no difficulty in cytological and his-
tological diagnosis due to its distinctive nuclear fea-
tures – clear nuclei with hypodense chromatin, nu-
clear grooves and inclusions, as well as formation of 
neoplastic papillae and the presence of psammoma 
bodies (13). Immunohistochemistry offers diagnos-
tic advantages in cases of cystic thyroid lesions, that 
can harbor occult papillary cancer (14), in less dif-
ferentiated variants as tall cell, hobnail or columnar 
cell variants and in lymph metastases. Intrathyroi-
dal microfoci of papillary carcinoma are better visu-
alized by immunohistochemistry and distinguished 
from benign hyperplastic changes with papillation 
(15,16). The diagnosis of microcarcinomas, especial-
ly below 5 mm and multifocality of the tumor is of-
ten clear after an immunohistochemical analysis. In 
two of our cases of papillary carcinoma (one classi-
cal and one follicular variant), additional microfo-
ci of the carcinoma (2 mm and 3 mm, respectively) 
were missed on routine histology but showed strong 
immunostaining for Galectin-3. We consider the im-
munohistochemical analysis a useful tool for proving 
the multifocality of the tumor, as well as for diagno-
sis of microcarcinomas, especially below 5 mm.
Follicular variant of papillary thyroid carcino-
ma (FVPTC) represents the second most common 
variant of PTC after the classical one (4). Along with 
follicular architecture, it is characterized by nuclear 
features of PTC. Our results showed that FVPTC is 
mostly positive for Galectin-3 (67%). 
Follicular patterned lesions represent a cyto-
logical and histological challenge. They account for 
20-30% of thyroid nodules and include the follow-
ing histological categories: follicular adenoma, follic-
ular adenoma with cytological atypia, follicular car-
cinoma and minimally invasive follicular carcinoma 
(17). For example, differentiation between follicular 
adenoma and minimally invasive follicular carcino-
ma is not possible preoperatively because it requires 
demonstration of capsular and/or vascular invasion 
on histology (17). Even the histological interpretation 
of what constitutes capsular and/or vascular inva-
sion vary among pathologists (17). In these cases, im-
munohistochemistry for molecular markers that are 
differently expressed in benign and malignant nod-
ules could be useful (18,19,20). It visualizes well cap-
sular invasion and improves diagnosis and treatment 
choice. The investigation of molecular markers and 
their preoperative application is mostly discussed 
and recommended in this category of follicular neo-
plasms hoping to subdivide these indeterminate le-
sions (5,21,22). Our findings suggest that for a dif-
ferentiation between follicular neoplasms (follicular 
carcinoma versus adenoma), Galectin-3 has relative-
ly high sensitivity (80%) and specificity (80%). In the 
study of Ito et al., Galectin-3 expression significantly 
increased with the degree of vascular or capsular in-
vasion of follicular tumors (23). Galectin-3 reactivity 
in suspicious adenoma should provoke a search for 
other features of malignancy including capsular or 
vascular invasion (15).  
The nuclear atypia and polymorphism of on-
cocytic tumors does not correlate with their biolog-
ical behavior (4). Preoperatively, it is not possible to 
distinguish Hürthle cell carcinoma from adenoma, 
the difference between which is the capsular inva-
sion. Differential diagnosis of oncocytic (Hürthle 
cell) neoplasms includes malignant tumors as a fol-
licular variant of papillary carcinoma with oncocyt-
ic changes, medullary carcinoma, as well as benign 
diseases like Hashimoto’s thyroiditis with oxyphil-
ic metaplasia (4). Our results show that the follicu-
lar variant of papillary carcinoma is mostly positive 
for Galectin-3.
In our study, normal thyroid tissue was im-
munonegative for Galectin-3. The majority of be-
nign lesions (follicular adenomas, Hürthle cell ade-
nomas and nodular goiter) were also negative for this 
marker. The exceptions showed only focal and weak 
staining (+), limited to areas of cystic degeneration, 
chronic inflammation and lymphocytic infiltration. 
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A number of previous studies report focal Galectin-3 
expression in some follicular cells in Hashimoto’s 
thyroiditis as well as degenerative parts of hyperplas-
tic nodules (24). However, diffuse positivity in papil-
lary carcinoma, FVPC and anaplastic cancer has di-
agnostic value (15,25). The distribution and intensi-
ty of Galectin-3 staining are the most important and 
critical aspects of accurate interpretation (4,24).
We observed Galectin-3 focal staining in 3 cas-
es of nodular goiter, which had focal lymphocytic in-
filtrates and in 2 cases of follicular adenoma, which 
were showing signs of cytological atypia without any 
capsular invasion (Table 1). Studies including tumors 
classified as neoplasms of uncertain malignant po-
tential report Galectin-3 expression pattern which is 
intermediate between adenoma and carcinoma (26). 
Its immunodetection in follicular adenomas with nu-
clear atypia without definite capsular invasion leads 
to the proposal of some authors that Galectin-3 may 
be extremely sensitive and early marker of malignant 
cell transformation (27,28). However, future studies 
are needed to verify this hypothesis. 
In conclusion, our findings suggest that im-
munohistochemical expression of Galectin-3 might 
contribute to differential diagnosis between malig-
nant and benign thyroid nodules, including those 
with follicular architecture. It order to improve the 
specificity it could also be combined with other mo-
lecular markers as an immunohistochemical panel 
(29). Furthermore, this molecular marker could be 
applied preoperatively in the analysis of FNAB speci-
mens in order to increase the diagnostic accuracy of 
routine cytology, especially in the category of “inde-
terminate lesions”. 
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